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Supplementary Information  

One can compare the error of ignoring the “wiggles” in the true geopotential surfaces (i.e.,  

approximating them as spheroidal) to that of approximating spheroidal surfaces (due to the  

action of the centrifugal force) as exactly spherical – an approximation that the author also  

made1. In the latter case, there are again errors in the metric terms, and in this case, 𝛿𝛿𝛿𝛿 is the  

angle between the “vertical” as defined as perpendicular to spherical versus spheroidal surfaces.  

This angle 𝛿𝛿𝛿𝛿 can be estimated by the horizontal component of the centrifugal force divided by  

gravity, which has a maximum value of 𝛿𝛿𝛿𝛿~(Ω2𝑎𝑎)/2𝑔𝑔~10−3. Here the scale 𝐿𝐿 is the radius of  

the earth 𝑎𝑎, hence 𝛿𝛿𝛿𝛿/𝐿𝐿~10−10 m−1 and is slightly smaller than that for the error due to  

ignoring the wiggles in the true geopotential surfaces as estimated in the main text. Note that  

while the horizontal component of the centrifugal force is stronger than the “horizontal”  

component of gravity associated with the wiggles in the true geopotential surfaces, the scale over  

which the centrifugal force varies is larger, hence the error associated with ignoring its variations  

can be smaller. However, this approximation also introduces small errors into the horizontal  

derivatives (~10−3) because distances between longitudes and latitudes are slightly different on  

spheroids and spheres6. In spherical coordinates, the value of gravity should additionally be  

approximated as independent of latitude to avoid unphysical sources of vorticity7. Numerical  

experiments7 showed that while the errors may be visible in a 10-day forecast, they are certainly  

not of leading order. In addition, errors associated with approximating the acceleration due to  

gravity as independent of latitude dominate over geometric errors, so the errors associated with  

approximating spheroidal surfaces as spherical are likely larger than the geometric errors for  

approximating the true geopotentials as spheroids. Note that the latter approximation introduces  

negligible errors into the value of gravity.  
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